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COMPARIS01 OF PREDICTED AND OBSERVED YAW IN FRONi OF THE
MUZZLE OF THE 12-INCH GUN

ABSTRACT

The yaws of some IQ70-pound projectiles, f..red from a 12-inch Gun,

in 1920, wec edetermined by measuring the holes in beavor boards at a

distan-e of 294 feet from the muzzle. MoGt of the rounds had yaws whose

manitude was less than the theoretical limit imposed by the maximum

allowable c..--arance in the bore. The orientations were grouped about

the then-Ptical value, calculated on the assumption that the front

bourrelet followed the land that is qt 6 o'clock At the origin. The

range varies with both the magnitude and orientatiL -;: the ymW.

Theoretically, the deflection also depends on the yew, but this effect

could not be detected.



IfNMRODUCTTON

rt cuwir to Kent', notice some months ago that the British had

- uoawrc otf the fa-:t that y•w is not completely random. This

Vdicated thit the British were unfamiliar with the work, de',ribed in

,,Ls rcport, that Kent had 'done some twenty-fi.'e years ago.

Accord ng to the small yaw theory of Fowler, Gallop, Lock and

Richhmond , the magnitude 5 and orientation of the yaw of a spin,:ing

shell approximately satisfy the equations

" (aCsin ?nqt + cos 2qt)l
S(1)

+ AN ta-1•1 ( tan qt), (2)

where

a is the maximum yaw,

A the Minimum yaw,

t the time from the first minimum yaw,

00 the initial orientation,

A the axial moment of inertia,

B the transverse moment of Inertia,

N the spin,

and q - (AI/2B)(1 - ls)t• (3)

if a is the stability factor.
Damping is indicated by variations in a a.d 1.

•. 1.The spin is approxiamLely

N a 2XV lid, )
0/

5!



where

v is the muzzle velocity,
0

/in the tvtst of rifling,

d the caliber.

For a short distance, the range is approximately

x = Vt. (5)

Then, if

0' = tA/Bnd (6)
and a = (1 - 1/8) , (7)

equations (I) &nd (2) nWy be expressed

S. (2in 20mC ÷M 2o2$,j)I/2 (8)

0 " +0, t0n'1(-t 0'••O-. (Q)

The stability factor may be found from the period of yaw L by the

relation

(l - 1/4) 1/2 . and/AL. (10O)

The curve• an fi•ure 1 are exupee of the variaticn of 6 aud 0

with x.

The mirdna yaw is usually very mli.: &tout the sm a the

yaw In the bore a, permitted by the clearance betwem the bourrolets

of te bhli and the lands of the gm. If the front bourrelet follows

am lard and the rear bourrelet the posite land, the maxima yaw may

be calculated by thetcmzala2

a- (2BI/A- 1) /o. (11)

The larest yaw to be expected at any dlotance W be found by

using '8) and (11). Also, if it Is assumd that the front bourrelet

'i lords the land that is at 6 Uclock at the origin, the orientation

c. the yaw at tb. mautle Is kL,%u, and hoe the orientation at any

diatan'e can be round by (9).
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Tr.." ,.: dd:it'l Ii:;urbuncu• daursp.; out rapidly if the

I i 1 1:. dt.,1 1,. 6i. '4hil tý,2 JUw L; tLppreciable, nowever, it

.......... ... i '..,! trapertory: it increasez the drag anai change.;

Lnr,-'tior 01' ::ootion. Both of tht.,e effects influence the range;

l- att,•r al:,c nt'lu•cr(:e2 tihe deflection. In the present Ztudy, it

.: .eý]- t}iat the rian.t, corroctea to a :;tandard muzzle veloý:.L and

::t AJ.:eroloic&1 conditions, 6atisifle3 the formula

R -A + 6+C o 0+K,(12)

Where R is the corrected range and A, B, C and K are constants. The

magnitude and orientation of the yaw are measured at a given distance
fro;%, the muzzle.

FtXPERIMENTAL DATA

In December 9_109 and January 1920, some 1070-pound Cast iron

larget Practice Projectiles (Dwg 75-10-15) were fired from a 12-inchx

1 Yun M1895 at ar elevation of 18°. d The velocity was measure'1 by

a Boulenge1 chronograph with screens at 124 and 294 feet. In order

to determine the yaw, beaver boards were placed on the far side of

the first screen and the near side of the Eecund scrae.; however, the

boards on the first screcn were out by the wires so tha ..- yaw could

not be measured. On the second board, an increase in major axis from

12.1 to 13.1 inches was taken to represent a unit of yaw: this corre-

sponds to an angle of 1.70.

The observed ranges were corrected to a muzzle velocity of 2250

feet per second and standard meteorological conditions. The decreene in

.-orrected range (meters) due Lo yaw was divided by the yaw (expressed in

inches of major axis); the plot of this ratio as a function of oricntation

(fMg 5) shows that the range varies in accordance with equation (12).

7 Best Available Copy



F'igures ". to 9 are plots of orientation (degrees) versus magnitude

of yaw (expressed as an increase in major axis, in inches) for three

groups of rotunda. Plots 6 ond 7 pertain to the same rounds consid.•red

in figure 5: plot 6 gives the corrected renge of each round and shows

.urves of equal range; plot 7 gives the observed deflections. The

covrected ranges of anothier gro.p ai. &vep vu fiiure 8.

The yaw in the bore was computed from the following. average dimersions:

Bore Diameter 12.001 in.
Front bourrelet diam 11.98W in.

Rear bourrelet diam 11.930 in.

Bearing length 3.346 in.

0The computed yaw in the bore is 0.077

It is estimated that the transverse moment of inertia ic 10 times

the axial. moment of L:-tia. and that the stability factor is i..-±,

since the observed nutational period is 430 feet (see fig. 1). Hence

the maximum yaw, computed by equation (11), is 2.5 . This is equivalent

to an increase of 1.5 inches dn major axis.

The increase in drag due to yaw near the muzzle is ecuivalent to
'4a decrease in muzzle velocity. To determine this decreaae for a

maximum yaw of 2.5 , the following data are ne"4ed:

0.005 deg" 2  Yaw-drag coefficient KIC (estimated)

2-250 fps Muzzle velocity vo (observed)

0.1625 sec" Drag function 06 (estimated)

8.10 ;W listtc coefficient C6 (estimated)

1.10 Cross wind forcn coefficient X (estimated)

3.52 Yawing oment coefficient %C (estimated)

0.07513 lb/ft3 Air density p (estimated)

1070 lb Mass a (observed)

1370 lb-ft'2 Transverse aoment of inertia B (estimated)

8 Bost Available Copy



" A- .• i: j, Cy 1_ L .16 fpz. At ifn c.leUtion of P,

i i 'h]f. or lOje 1"(O-pounr Armor-piercing Projectile giveý;

* .<,.; : -ri :nd :,i in:.ren:;e in range of 11.8 m for an

i O I', p,-r :;;cond in muz..Le velocity. Therefore the

Si:7.Id ,.,'1 t on range of th_: increase An drag due to yaw I.z a

d.wreaý,(- of 1,'.7 .n&.er.

'The *rxo ... ionfA- th' t; :': bore clearance and its

orirr-tutJon may be derived from an expression given by Sterne. It

6how. that if the initial value of 0 is 270 degrees, the jump is in

the vertical plane and downwards. Its magnitude is
K B Where KM is the

- L 1 1) overtur.ngn mument

md K 0 A coefficient
Hence, if the actual angle of orientation of the yaw at the mu1zle OZ

the gun is 00 then the actual vertical component '-f the jump 11. be

AN KL I B c (13)
-md A -K) (o 2700) A0

Hitchcock 6 I., ciscuosed the displacement caused by initial yaw.

This could be used in place of Sterne's formula.**

The constants for this gun and ammunition (some repeated ir.m page

8) appearing in equation (13) are as follows:

S- .0770 1.37 mils*
A = 1.37 lb ft 2

2,rv
N = :n" = 565.5 rad/sec

m = 1070 lbs
d = 1.C00-1 ft

KL = 1.10*

K.M -1.91*

v - 2250 ft/sec
0

B/A lO10

,;Estimated-

The application of Hitchcock's technique produces results .3moAst Identical
to those obtained by equation (13).

9 Best Av Copy



.07513 lb/ft
0 `I

n - "cal

s = 1.51

If the cofactor of cos (0 - 2700) is represented by -J then the Jusp

may be written

-j cos (.0 - 270 )

j e., mi±s - .77'

It folloi-,s that the vertical component of the Jump will be - .165 mls =

- . 6; and the horizontal component will be + .160 mils = .5I•'.

At an elevation, of 180, the firing table5 for the AP Projectile gives

an increase in range of 9.8 meters for 1 minute increase in elevation.

Therefore, the estimated increase in range for an increase of 0.75 minute

in elevation is 7.35 meters.

The combined effect of drag and jump due to yaw is ploLted on

figure 10.

DISCUSSION

The theoretical increase in major qxis at 294 feet is 1.5 inches.

Most of the measured values were less than this, although some verc

mr' the largest was 2.75 inches. It should be noted, however, that

the yaw has passed its first maximum at this distauice, as the pericA

is 430 feet; therefore, a small increase in the distance t.• the maximam

will cause an appreciable increase in the yaw at the second aetren.

In other guns, when there have been enough carA. to determine the ac~tml

maximum yaw, the observed value seldom exceeds the theoretical.•

0
The theoretical mean orientation at 294 feet is 35 . The observed

orientat4.ons are grouped about this value althoagh their dispersion is

rathur large: a few values are nearly 2o 0 from the mean (two rourns are

plotted with an orientation of 2950. but this is only 1000 from the

mwan in the negative direction). The assumption that the front bourrelet

follows Lhe land that is at 6 o'clock at the origin is further confirmed

.y the fact that the land, in this region wear more rapidly near the muzzle

rhbn the others in gunt which fire separate-loadIng ammanition (this is not

:ru for fixed ammunition).

10



Since tLe rýLnge vuries ;•i~i botV maciiuue anr orientation of

yaw, the dispersion iY beth of th<-se qusr'.i•tes2 should be made as

small aj feasible. For a given gun ar i ý.=munition, this ,:an be done

b,' i-amming all rounds as uniforml) as possible. The dispersion in

deflection might also be reduced in th,. way, although the deflection

hiý comp:aratively small disp-" Y w-yay.

The evidence presented in this report cwfirming the hypothesis

that in this gun and, presumably, in most gwns firing separate

Ic.-ain6 &imunition, the yaw at the muzzle corresponda to an initial

yw- at the breech at 6 o'clock is confirmed by observations of the

muzzles of several guns that have shovn erosion on the lands corre-

spoadir.d to 6 O-clock at the breech.

.t
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